Feeding regulation by endogenous sugar acids through hypothalamic chemosensitive neurons.
Analysis of blood of fasted rats revealed two endogenous sugar acids, 3,4-dihydroxybutanoic acid (2-deoxytetronic acid; 2-DTA) and 2,4,5-trihydroxypentanoic acid (3-deoxypentonic acid; 3-DPA), that might be related to food intake control. Injection of 2-DTA into the third cerebral ventricle reduced food intake for 24 hr in 72 hr deprived rats and depressed single neurons activity in the lateral hypothalamus (LHA). The same amounts of 3-DPA elicited feeding in a dose-related fashion, and increased LHA single neuron activity with 6 to 8 min latency. Intravenous injection of 3-DPA, but not 2-DTA, was effective. Liposome encapsulation of 2-DTA enhanced its potency after intraperitoneal injection, probably by allowing passage across the blood-brain barrier. Electrophoretic application of 2-DTA significantly and specifically suppressed, and 3-DPA facilitated activity of glucose-sensitive (GS) neurons in the LHA. Neither affected glucose insensitive LHA neurons. Both sugar acids affected glucoreceptor (GR) neuron activity oppositely in the ventromedial hypothalamic nucleus (VMH). Intracellular recordings verified that the effect of 2-DTA on the GS and GR neurons was the same as glucose. Hyperpolarization of GR neurons with a membrane conductance increase was brought about by 3-DPA. The levels of plasma glucose and insulin changed oppositely by 2-DTA and 3-DPA, respectively when these were applied into the third cerebral ventricle. Feeding behavior and LHA and VMH neuron activity changes after injection suggest 2-DTA may be an endogenous satiety substance and 3-DPA a hunger substance, with effects mediated by GS neurons in LHA and GR neurons in VMH. Effects of 3-hydroxybutyric acid were also verified and discussed.